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ABSTRACT
Interpretation of Cone Penetration Test 
Data for Underconsolidated Clay
by
Jeffrey Alec Moss
Dr. M oses Karakouzian, Examination Committee Chair 
Professor o f Civil Engineering 
University o f Nevada, Las Vegas
In this study, cone penetration test data is correlated to vane shear and triaxial 
undrained shear strength test data for a saturated and underconsolidated marine clay. It is 
shown that cone penetration test data not corrected for pore pressures underestimates 
undrained shear strength. Additionally, small increases in the degree o f  consolidation o f 
the underconsolidated clay increases the undrained shear strengths.
Ill
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CHAPTER I 
INTRODUCTION
Cone penetration test data are used to determine the undrained shear strength o f  soils. 
Generally cone penetration test data are empirically correlated to triaxial undrained shear 
strength. The correlation is developed by obtaining cone penetration test data and 
corresponding triaxial compression test data for similar soil conditions. Field vane shear 
test data are also a very good source o f data that can be used in addition to triaxial test 
data in interpreting cone penetration test data. The correlation equations utilized must be 
corrected for pore pressures. The pore pressure generally used in these correlation 
equations is usually measured by the cone penetrometer.
The purpose of this study is to correlate cone penetration test data to vane shear and 
triaxial undrained shear strength test data with special consideration given to in-situ pore 
pressures. The soil for this study is a saturated marine clay undergoing consolidation 
from 1955 to the present. This study also investigated the effect o f  consolidation o f the 
clay over time on the change o f imdrained shear strength of the clay as derived from the 
correlation developed for this study.
In the coming chapters a  description o f  cone penetration tests is provided followed by 
a description o f the site where the test data were collected. Next a discussion o f the data 
collected for this study is provided followed by analysis and interpretation o f the results. 
Finally, a section on conclusions is presented.
1
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CHAPTER II
CONE PENETRATION TEST 
Cone penetration tests (CPT) are accomplished using a device known as a cone 
penetrometer. A cone penetrometer consist o f a cone shaped instrument containing 
electronic sensors that is pushed through the soil by hydraulics, usually mounted on an 
anchored trailer or heavy truck. As the cone advances into the soil, the sensors measure
the force the cone encounters which in turn measures the cone's tip resistance, . There 
is also a collar that is part o f the cone that is located behind the tip which is called a 
sleeve. The sleeve contains sensors that measure side friction in which the side friction
stress , . is determined. Another type o f cone is the cone piezometer which has a filter
located on the apparatus for measuring pore water pressure during a penetration test. 
There are several different cone piezometers each measuring pore water pressure at 
different locations on the cone itself. The location is identified to determine the 
correction needed to adjust the pore water pressure reading to something that is usable in 
the undrained shear strength correlation. The base o f the cone penetrometer tip can also 
vary in diameter resulting in an area o f lOcm^ or 15 cm^, however the majority o f cones 
in use today are o f  the "standard" cone size which is 10 cm^ (Olsen 2000). Another 
geometrical aspect o f cones is the angle o f the apex o f the tip wliich for standard cones is 
60 degrees. The differences in both the location of the pore water measurement and the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
area o f  the cone comes into play during interpretation and correlation o f  the cone test data 
and the use o f empirical relationships derived from previous tests. The specific 
properties o f the cones used in this study are outlined in Chapter IV.
Cone penetration tests in clay are generally used for collecting data to be used in 
foundation design. The cone resistance value is used to derive the undrained shear 
strength. Most o f  the time the data are used to give an engineer approximate soil strength 
values to be used in initial planning. However, CPT have also been used to identify 
approximate types o f soil and to develop soil profiles, using data to delineate one soil 
layer from another based on the cone resistance and sleeve friction values. CPT data 
used in conjunction with lab test data can present excellent soil information. Several 
relationship equations exist for correlating CPT data with undrained shear strength. One 
o f those is based on Terzaghi's bearing capacity equation (Bowles 1996). Another 
relationship which is described in more detail later was developed to take into account the 
effects o f  excess pore water pressure. In a saturated clay situation the clay may not have 
reached a consolidation o f  a himdred percent thus causing excess pore water pressure to 
generate. If this is the case excess pore water pressure acts on the CPT equipment 
causing the cone resistance values generated to imderestimate the actual shear strength in 
the soil (Lunne et. al. 1997, Robertson 1986). By adding in the effects o f  the pore water 
pressure (generated by the overburden pressure), the values o f  undrained shear strength 
obtained are more representative o f the in-situ condition.
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Pore Pressure Effects 
Pore water pressure plays a significant role in tlie evaluation o f the CPT cone 
resistance. Riaund and Miran (1992), Lunne et. al. (1997), and Robertson and 
Campanella (1986) all discuss when using a  cone penetrometer in the presence o f pore 
water pressure the measured cone resistance, qc, will be smaller than the actual resistance 
of the soil and that it must be corrected. The pore pressure tends to act on the cone in 
such a way to cause lower cone tip resistance readings. To correct for this phenomenon 
pore pressure measurements and cone geometry information is used to provide a 
correction. The corrected cone resistance described by all three references is generally 
designated q j and is foimd through use o f  the following correction:
qT =  qc +  U2( l - a )  (2 .1)
where:
u , = pore water pressure measured behind the neck o f  the cone 
a = area ratio o f the cone penetrometer 
The (1- a) term applies the amount of effect pore water pressure has on cone resistance 
based on the cone geometry, where "a" is the difference between the inside and outside 
diameter o f the cone and ranges anywhere from 0.55 to almost 0.9 (Lunne et. al. 1997). 
For the cone penetrometer used in this study the cone net area ratio was 0.75. For some 
cones measuring pore water pressure, the tip contains a  porous filter that is located on the 
face o f  the cone and the measured pore pressure is generally given the designation o f  U|. 
Cones fitted with a filter behind the cone neck are given the designation o f  uz, which is 
the important element in interpreting cone pore pressure data and ultimately the 
derivation o f undrained shear strength. The pore water pressure measurements for the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CPT data in this study were ui, pore pressure measured on the face o f the cone: To 
account for the different location the following relationship (Lunne et. al. 1997) is used to 
put u, in terms o f uz:
U2 = K(ui-uo) + uo (2.2)
where:
uo = in-situ pore water pressure 
K = adjustment factor 
From Lunne et. al. (1997) the adjustment factor K. is best developed through local 
correlation. However, if not available, the typical values o f  0.6 - 0.8 for normally 
consolidated clays and 0.5 - 0.7 for sensitive clays can be utilized. No references were 
given for underconsolidated clays so normally consolidated references are used since 
overconsolidation is not the case. Robertson and Campanella (1986) discussed that for 
normally consolidated clays with high pore water pressure measurements, ui is generally 
10 to 20 percent higher than U2 . Diuing this study an average o f  the typical values, K = 
0.75, is used in the development o f U2 .
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CHAPTER III
SITE DESCRIPTION 
The site for this study is called the Craney Island Dredged Material Management Area 
(CIDMMA). This site is a man-made site for the storage and containment o f dredged 
material from shipping channels and ports in the Hampton Roads area in Virginia, and is 
managed by the U.S. Army Corps of Engineers (ACOE), Norfolk District, Norfolk. 
Virginia. The site occupies approximately 2,500 acres with a current storage area of 
approximately 2,200 acres (Stark, 1996) and consists o f  three interior storage areas 
formed by a system o f  dikes and weirs. Figure 3.1 shows a general location plan for 
Craney Island. The man-made containment area extends from the shore line out into the 
water where the James and Elizabeth Rivers converge. The initial planning o f Craney 
Island started around 1947 with construction commencing in 1954 and continuing imtil 
1957. During the lifetime o f CIDMMA there have been few efforts in raising the dike 
elevation, mostly in the late 1960's and early 1980's with no additional increases since 
that time. The principal reason for lack o f additional construction has been the on going 
difficulty in determining a safe design value o f  the undrained shear strength o f the 
foundation clay. Figure 3.2 shows a typical dike profile. The primary soils present at 
Craney Island consist o f  the original marine clay bottom (foimdation area) over dense 
compacted sand with dikes constructed o f sand. Dredged material is present in the 
interior sections o f the containment area.
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Figure 3.2 CIDMMA Typical Dike Profile (USAGE 1996)
The marine clay foundation is constantly saturated due to a high water table and has been 
found to be the controlling layer for the dike foundation strength and the stability o f  the 
dike. Fowler ( 1987), Ishibashi ( 1994/95), and Stark ( 1994/96) either performed triaxial 
or vane shear tests or used test data from previous such tests to get an estimate o f the 
undrained shear strength o f  the soil. Subsequently cone penetration tests were taken at 
these previous test locations. From these studies (Fowler 1987, Ishibashi 1993/94, Stark 
1994/96) various methods were discussed o f how to determine undrained shear strengths, 
most o f  which use vane shear or triaxial test data. However, fi-om 1993 to 1995, the 
Army Corps o f Engineers, Norfolk District, was studying the feasibility o f increasing the 
storage capacity o f Craney Island by raising the height o f  the existing perimeter dikes. 
Accordingly, cone penetration tests were accomplished to investigate the stability o f  the 
larger dike. This data at the time was used without considering pore pressures. Studies 
(Lunne et. al. 1997, Olsen 1994, Riaund 1992, and Robertson 1986) based on cone 
penetration and cone piezometer test data have been accomplished that describe in detail 
their use to develop strength properties from measured data corrected for pore pressures
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
that can be correctly used in design. Consequently the undrained shear strengths derived 
from the feasibility analysis were underestimated as well as were the reported factors o f 
safety.
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CHAPTER IV
COLLECTED DATA 
This chapter introduces the general properties o f the soil in this study and the data that 
was collected over a time fiame o f 1981 to 1995. This includes data collected from vane 
shear tests, triaxial tests, cone penetration tests, and field piezometer pore pressure 
measurements. A discussion on the relationship between the vane shear and triaxial test 
data is also included. Finally a commentary is provided on the consolidation state o f the 
saturated marine clay at the site.
General Soil Properties 
A soil profile for the Craney Island marine clay is shown in Figure 4.1. This and 
numerous other documents located at the US ACE Norfolk District office show that the 
largest concentration o f  the marine clay is located in the northern one third o f  this dike 
system. In addition, the depth to the clay and the clay layer thickness are consistent 
throughout this particular area. The soil that forms the marine clay layer varies in 
thickness o f approximately 60 to 65 feet starting at a depth anywhere from 25 to 35 feet 
below the CEMLW (US Army Corps o f  Engineers mean low water) level. Based on 
Atterberg limit tests from 1987 and 1999 (Table A7) the clay is found to have an average 
liquid limit (LL) o f 79, an average plastic limit (PL) o f 31, and an average plasticity
index ( Ip ) o f  48. Using the Unified Soil Classification System (ASTM Designation
10
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Figure 4.1 CIDMMA Typical Soil Profile (USACE 1996)
D2487) this clay falls above the A-line (Ip > 0 .73(w l -20) and is designated as CH, 
inorganic clay o f  high plasticity or commonly called a fat clay. In addition, the natural
water content, , was found to be 72.5 percent and the saturated unit weight was found 
to average around 95 pcf. In past soil property tests (Ishibashi 1993) the coefficient o f 
consolidation, c „ , was found to be between 0.55 and 2.67 X 10"  ^cm '/sec. Das (1994)
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shows representative values o f  this type o f clay soil averaging about 3.00x10"* cm^/sec 
which falls close to the test value. A smaller Cv value represents a slower rate o f 
consolidation; therefore, to take into account the variation o f  the coefficients found in 
previous tests, an average value o f 1.61 X 10"* cm^/sec was used for the consolidation 
calculations within this study.
According to Robertson and Campanella (1986) CH clays with large excess pore 
water pressures tend to have a high 1^, so to further verify the extent o f  this excess pore 
water pressure a check o f  the liquidity index, , o f  the clay soil is needed. Using 
Equation 4.1 II was solved using the properties discussed earlier generating an 1^  value
= —N- T-Pi-. (4.1)
Ip
o f 0.86. A liquidity index greater than 1.0 indicates the soil is nearing viscous or "quick" 
state. Values coming close to zero indicates the natural water content is approaching the 
plastic limit thus the soil is generally classified as some- to heavily consolidated (Bowles 
1996). Following Robertson and Campanella's (1986) observation, the value generated 
for the Craney Island clay represents a high II ; therefore the soil meets the conditions 
for possessing large excess pore water pressure.
Robertson and Campanella (1986) also discuss the sensitivity o f the soil when 
evaluating CPT pore pressure reading so the last property necessary to round out the 
property profile o f  this clay soil will be its sensitivity, S , . Sensitivity describes how the 
soil reacts during compression and recompression in an unconflned compression test.
The higher the sensitivity the lower the remolded strength. Generally the sensitivity is 
expressed as the undisturbed strength over the remolded strenght. However, in a  study
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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accomplished by Stark and Delashaw (1990) for clay soils similar to the one in the study, 
they used a derived equation (Equation 4.2) for estimating sensitivity. Using this
S = io ('l-o^ o) (4.2)
equation for the Craney Island clay, a sensitivity o f  4.6 is obtained. The range for 
sensitive clays is 4 to 8 with values less than 4 being insensitive and values over 8 
classified as extrasensitive. This soil is classified as having a low sensitivity.
Vane Shear Test Data 
Vane shear test were conducted on the west dike in 1981 and on the north and east 
dikes in 1983 (Appendix I, Tables A l- A3). The test data are plotted in Figure 4.2 and, as 
can be seen from the plot, all three dikes are comparable. Vane shear test data were 
acquired from the appendix o f a report (Ishibashi 1993) which is a compilation o f 
previous field vane test results gathered from reports and documents dating from 1948 to 
1989. The vane shear test was conducted using a 2 inch vane with an area ratio o f 13.4 
percent. Procedures from ASTM D-2573, Standard Test Method for Field Vane Shear 
Test in Cohesive Soil, were followed when performing the VS test. The engineers 
applied a correction factor to the VS results using the plasticity index o f  the soil and 
procedures developed by Bjerrum.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 4.2 Vane Shear Test Data
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Triaxial Test Data
Also conducted on the west dike in 1981 were several unconsolidated undrained 
triaxial tests. This data are provided in Table A3 o f Appendix 1 and plotted in Figure 4.6. 
As with the vane shear test data, triaxial test data were acquired from the appendix o f  a 
report (Ishibashi 1993) that is a compilation o f previous triaxial test results gathered from 
reports and documents dating from 1948 to 1989.
Cone Penetration Test Data 
Cone penetration tests were conducted in 1993, 1994 and 1995 using two standard
types o f electric cone penetrometers, one that measured only cone tip resistance, q ^ , and
sleeve friction resistance, f j , and one that measured pore water pressure (cone 
piezometer) in addition to the two resistance values. Both cones consisted o f  an area o f 
10cm ' and a cone apex o f 60 degrees. The pore water pressure measurement area was 
located on the face of the cone and the measured value is generally given the designation 
o f U|. The difference in location o f  the pore pressure measurement is discussed later.
The cone resistance data for the three dikes are shown in Appendix 1, Tables A4-A6.
Pore pressure data collected by the cone penetration tests in this study are located in 
Tables A8-A10 o f Appendix 1. Over 280 electronic files containing CPT information and 
data for about 80 tests were collected and carefully reviewed for this study. Through 
individual research of past reports and with assistance by Dr. Rick Olsen from the 
USAGE Waterways Experimental Station, the data files were interpreted and measured 
test results were obtained. Plots o f  the cone resistance data are shown in Figures 4.3-4.5. 
The cone resistance values are well grouped both within each dike and between all three
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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locations, showing an initial decrease in resistance at the top o f the clay layer with a 
gradual increase with depth. The initial decrease at the top layer is representative o f the 
transition from the sand dikes which are well drained with a  higher undrained shear 
strength to the saturated, underconsolidated clay layer o f lower strength. The resistance 
values for the clay layer under all three dikes range from 6 to 10 tsf  signifying that this 
clay layer is presenting the same resistance qualities in these areas. Having this quality 
verifies that this is the same clay layer and allows the use o f the CPT data from ail three 
dike locations in this study.
Field Piezometer Data 
Field piezometer data was available for all dike locations. Pore pressure readings 
were collected from instrument clusters on each dike. This data represents readings from 
1992 to 1995 and is provided in Table A11-A13. This data is plotted in Figures 4.6-4.S.
Relationship o f Vane Shear and Triaxial Test Data 
To develop the relationship between the vane shear and triaxial test data, the data from 
the West dike were used. The reason for this is triaxial test data were only available for 
the West dike. However, vane shear test data for all dikes are comparable as shown in 
Figure. 4.2. Plots o f  the triaxial and vane shear data for the west dike are shown in Figure 
4.7. It is seen from the plot that vane shear and triaxial test data are comparable.
Therefore the vane shear undrained shear strengths can be used as reference values when 
interpreting and correlating cone penetration test data. This conclusion is corroborated 
by the USACE-ND (1981) report which showed the corrected vane shear undrained shear
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Figure 4.6 Field Piezometer, North Dike
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Figure 4.7 Field Piezometer, East Dike
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
22
0
Field Piezometer, West Dike
Pore Water Pressure (tsf)
1 2  3 4
Q
Ut piez 95
Ut piez 94
Ut piez 93
Ut piez 92
Ut piez (avg)
100
Figure 4.8 Field Piezometer, West Dike
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Vane Shear and Triaxial Test Comparison, West Dike
Su, (tsf)
0.00 0.10 0.20 0.30 0.40 0.50 0.60
20
Vane Shear (1981)
Q  Triaxial (1981)40 V
Vane Shear
Triaxial: 60 -----Y~'
Q,UQ
100
Figure 4.9 Vane Shear Test vs. Triaxial Test, W est Dike
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strength compared well to triaxial undrained shear strength. Further support is provided 
by Yu and Mitchell ( 1998) for the use o f vane shear undrained shear strengths in 
comparisons since the vane produces similar strengths to those o f triaxial compression 
tests for normally consolidated clays. Additionally Springman, Trausch, Heil, and Heim 
( 1999) used vane shear data to develop correlations o f  CPT undrained shear strengths.
Consolidation State o f  In-place Clay 
To demonstrate the small amount o f consolidation that has occurred between the time 
the vane shear tests were conducted and the time o f the cone penetration tests, the percent 
consolidation (U%) of the clay layer was calculated. This was done by using c^ , = 1.61 X 
10"* cm^/sec and the time used was based on the p>eriod between the placement o f  the 
sand dikes and the execution o f the field tests. Results o f  these calculations show some 
consolidation has occurred in the time between the vane shear tests o f 1983 and the cone 
penetration tests o f 1994 but only to a small degree as seen in Figure 4.10 (the North dike 
test data was used for this example). The fact that the clay layer is underconsolidated is 
supported by several previous reports (Stark 1994/96 and USACE-ND 1997). Therefore 
a comparison o f  the undrained shear strength based on cone penetration and vane shear 
test can be made taking into account the increased degree o f  consolidation at the time o f 
the cone penetration tests. The undrained shear strength obtained from the cone 
penetration tests will give higher values when compared to those for vane shear tests. 
Using the degree o f consolidation information excess pore water pressure (Uc = Ut - Uo) 
was found to range from 0 tsf to a  maximum o f  2 tsf and the total pore pressure, Ut, 
ranged from 1 ts f  to just over 4 tsf. To validate these values field piezometer readings
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Consolidation Comparison, North Dike 
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Figure 4.10 Consolidation Comparison, North Dike
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from 1992 to 1995 (USACE-ND 1999) were plotted with the calculated in-situ pore 
water pressures as shown in Figures 4.11-4.13. The calculated in-situ pore pressures took 
into account the two fills and the dates o f their construction. All three plots show 
generally good agreement confirming the assumption o f the selected coefficient o f  
consolidation. They also confirm that substantial excess pore water pressure exists in the 
clay layer and the clay layer is underconsolidated.
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Figure 4.11 Pore Water Pressure, North Dike
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Figure 4.12 Pore Water Pressure, East Dike
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CHAPTER V
ANALYSIS AND INTERPRETATION 
In this chapter the undrained shear strengths o f the 1981 and 1983 vane shear tests are 
compared to the undrained shear strength calculated using 1993-1995 cone penetration 
test data. Cone penetration test data, both corrected and uncorrected for in-situ pore 
pressure, are used. Undrained shear strengths are calculated from cone penetration test 
data using the following two equations.
Relationship for uncorrected data:
(Olsen 1994) (5.1)
where:
= undrained shear strength 
q^ . = measured cone tip resistance 
= total overburden pressure
= cone factor from analytical or empirical correlation 
Robertson and Campanella (1986) suggest using an average N^ value o f  15 in initial 
estimates o f Su- Additionally Lunne et al. (1997) recommends Nk values between 11 and 
19 for normally consolidated marine clays. Therefore a value ofNk = 1 5  is used in this 
study.
30
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Relationship for corrected data:
s.. = (5.2)
Nk,
where:
S = undrained shear strength corrected for pore water pressure
= corrected cone tip resistance = qc + uz(l - a) (Equation 2.1)
U2 = CPT pore pressure = K(ui-uo) + uo (Equation 2.2)
= total overburden pressure 
N ^ , = cone factor from analytical or empirical correlation 
The cone penetration test undrained shear strength corrected for pore water pressure has 
the designation Suu to distinguish it from the Su using uncorrected data. The derived CPT 
pore pressure, Ui. was calculated using Equation 2.2 and the results are provided in Table 
A 14-AI6, Appendix 1. There is an average difference o f  18 percent between u, and ut 
which falls within the 10%-20% range discussed by Robertson and Campanella (1986) in 
Chapter II. Stark and Delashaw (1990) recommended a Nkt value o f  11 for clays with an 
Ip o f  30 -  48. Robertson and Campanella (1986) recommend using an Nkt o f  10 or less 
for sensitive clays, with the value dependent on the degree o f  sensitivity. Bowles (1996) 
suggests using a Nkt range from 8 to 15 for clays with Ip = 48. Lunne et. al. (1997) also 
found that Nkt was the same for underconsolidated clays as it is for normally consolidated 
clays. Based on the above information, a value o f Nkt = 13 was chosen for the 
underconsolidated clay in this study.
Plots o f  the undrained shear strengths derived from 1993-1995 cone penetration test 
data, both corrected and uncorrected, and those from the 1981 and 1983 vane shear tests
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are shown in Figures 5.1-5.3. The uncorrected cone penetration data underestimate the 
undrained shear strength o f  the soil. The cone penetration data corrected for in-situ pore 
pressures yield more realistic undrained shear strength values when compared to vane 
shear test data. Figure 5.4 is a composite plot o f the data in Figures 5.1—5.3 which shows 
the effect o f  the consolidation on the undrained shear strength o f  the soil.
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Figure 5.1 VS Su, CPT Su, CPT Suu vs. Depth, North Dike
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Figure 5.2 VS Su, CPT Su, CPT Suu vs. Depth, East Dike
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
36
VS Su, CPT Su, CPT Suu for All Dike Locations
Su, tsf
%U Curve, 
Refer to 
Figure 4.10 
For Horizontal 
Scale
Figure 5.4 VS Su, CPT Su, CPT Suu vs. Depth, All Dike Locations
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER VI
CONCLUSION
The following conclusions are made as a result o f  this study:
1. The Craney Island marine clay is underconsolidated and contains excess pore 
water pressure.
2. Vane shear tests provide a good estimate for in-situ undrained shear strengths.
3. Cone penetration resistance data not corrected for pore pressures underestimate 
undrained shear strengths in a saturated, underconsolidated marine clay.
4. Currently (1993) undrained shear strength in the marine clay is greater than that 
measured by the 1981 and 1983 vane shear tests.
5. Even though only a small amount of consolidation has occurred between 1981 and 
1995, the undrained shear strength in the marine clay has increased.
37
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APPENDIX I
TEST DATA
38
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Table AI Vane Shear Tests, North Dike (Ishibashi 1993)
39
Location: DH 83-12 thru 17
Depth Su Su
(ft) (psi) (tsf)
35 503 0.252
38.1 240 0.120
38.3 229 0.115
39 546 0.273
40.3 437 0.219
44.5 459 0.230
48.1 284 0.142
48.3 368 0.184
49 301 0.151
50 350 0.175
50.3 503 0.252
54.5 721 0.361
58.1 481 0.241
58.3 421 0.211
59 309 0.155
60.3 743 0.372
64.5 503 0.252
65 524 0.262
68.1 656 0.328
68.3 553 0.277
69 406 0.203
70.3 590 0.295
74.5 546 0.273
75 743 0.372
83.1 1137 0.569
83.3 470 0.235
84 732 0.366
85 984 0.492
85.3 678 0.339
VS (ave)
Depth,
(ft)
Su
(tsf)
35 0.252
39 0.182
45 0.230
49 0.181
55 0.361
59 0.244
65 0.257
69 0.276
75 0.322
84 0.400
Note: First number in location reference represents year test taken
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Table A2 Vane Shear Tests, East Dike (Ishibashi 1993)
DH-83-4 thru 10
Depth Su Su
(ft) (psf) (tsf)
36 481 0.24
38 678 0.34
42 601 0.30
42 437 0.22
42 525 0.26
46 336 0.17
48 350 0.18
52 353 0.18
52 426 0.21
52 394 0.20
56 377 0.19
58 428 0.21
62 448 0.22
62 426 0.21
62 383 0.19
66 499 0.25
68 486 0.24
72 347 0.17
72 379 0.19
81 721 0.36
82 218 0.11
82 721 0.36
82 585 0.29
83 542 0.27
VS( ave)
Depth Su (ave)
(ft) (tsf)
36 0.24
38 0.34
42 0.26
46 0.17
48 0.18
52 0.20
56 0.19
58 0.21
62 0.21
66 0.25
68 0.24
72 0.18
81 0.36
82 0.25
83 0.27
Note: First number represents year test taken 
VS - Vane Shear
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Table A3 Vane Shear and UU Tests, West Dike (Ishibashi 1993)
Location: DH-81-4 and 7
Depth
(ft)
Su
(psO
Su
(psf)
27 450 0.23
52 422 0.21
77 569 0.28
39 232 0.12
64 457 0.23
VS (ave)
Depth
(ft)
Su (ave) 
(tsf)
27 0.23
39 0.12
52 0.21
64 0.23
77 0.28
1
UU (ave)
Depth Su
(ft) (tsf)
28 0.22
37 0.06
62 0.18
73 0.29
77 0.33
93 0.25
Note: First number represents year test taken
UU - Undrained-unconsolidated triaxial test
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Table A4 Cone Resistance, CPT North Dike
42
93cp-14 93cp-l5
Su (avg) qc (avg) Su (avg) Su (avg)qc (avg) qc (avg)
6.586
6.217
6.033
6.3175.733
5.733
5.2335.667
5.65 0.18 5.017 0.14 7.317 0.30
37 5.583 0.17 4.85 0.13 7.55 0.31
38 6.086 0.20 4.886 0.13 0.27
39 6.217 0.21 4.833 0.12 6.517 0.24
40 5.933 0.18 4.85 0.12 6.35 0.22
41 6.067 0.19 4.85 0.12 6.817 0.25
42 6.017 0.18 4.833 0.11 6.783 0.24
43 6.017 0.18 4.917 0.12 6.45 0.22
44 6.033 0.18 4.85 0.11 6.333 0.21
45 5.833 0.16 4.833 0.10 6.483 0.21
46 6.017 0.17 4.95 0.11 6.25 0.20
47 5.967 0.16 4.917 0.10 6.533 0.21
48 5.786 0.15 4.914 0.10 6.157 0.18
49 5.95 0.16 4.967 0.10 6.233 0.18
50 6.05 0.16 5.467 0.13 6.383 0.19
51 6.017 0.15 5.467 0.13 5.65 0.14
52 6.217 0.16 5.483 0.13 6.15 0.17
53 6.05 0.15 5.267 0.11 6.2 0.17
54 5.65 0.12 5.3 0.11 6.417 0.18
55 6.25 0.16 5.35 0.11 6.267 0.17
56 6.25 0.15 5.633 0.12 5.833 0.14
57 6.167 0.15 5.983 0.14 5.567 0.11
58 6.517 0.17 6.167 0.15 6.167 0.15
59 6.757 0.18 6.229 0.15 6.186 0.15
60 6.733 0.17 6.233 0.15 6.45 0.16
61 6.917 0.18 6.033 0.13 6.75 0.18
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Depth
(feet)
62
63
64
65
66
67
68
69
70
" T i
72
73
74
75
76
77
78
79
“ 8Ô
“ H
""82
""83
“ 84
“ 85
93cp-13 
qc (avg)
(tsf)
6.967
6:933
6.717
6.983
e m ï
TÂ
77767
0 4 3  
0 5
8.55
8.217
8.233
8.367
8.833
8.917
8.95
8.883
9.233
8.571
9.5
10.067
10.317
10.533
10.667
Su (avg) 
(tsf) 
0.18 
0.18 
"Ô7Î6 
"ÔT7 
"ÔT7 
"Ô J8  
"Ô 22
0.23 
"Ô29 
% 2 6  
"Ô23 
"Ô23 
"Ô24 
"CL27 
"Ô27 
"027 
0.26 
“ÔÔ8
“ÔÔ3 
% 29 
■033 
"034 
■035 
0.36
93cp-14 
qc (avg)
(tsf)
6.5
7.217
7.067
0 5
6 J 5
7.357
7.517
7.583
7.633
7.833
8.333
8.267
8.233
8.383
8.7
9.167
9.414
10.183
10.35
11.05
17.867
45.833
Su (avg 
(tsf)
0.16 
0.19 
0.20 
0.19 
ÔÏ9 
Ô7Ï8 
Ô16 
0.20 
0.20 
0.20 
0.21 
0.22 
0.25 
0.24 
0.23 
0.24 
0.26 
0.29 
0.30 
0.35 
0.35 
0.40 
0.85 
2.71
10.733
11.133
10.667
19.843
93cp-15 
qc (avg)
(tsf)
6.85
6.917
6:95
6.93
7.067
7.167
7.033 
6.943
~ ï2 ë 1
7.467
7 3  
7 3
7.567
7 3
7.733
7.767
8.117
8.167 
8.229
8.267
8.117
8.633
8 3
8.817
9.217
9.433
93
9.283
9.629
935
10.133
10.25
10.233
10.15
10.183
10.617
10.783
Su (avg 
(tsf)
0.18
0 9  
0 8  
0 8  
0 9  
0 9  
0 8  
0 7  
0 9  
O Ô  
O Ü  
Ô2Ô 
0 9  
0 9  
Ô2Ü 
O Ô  
0 2  
0 2  
0 2  
0.22 
or 
0 4  
0 4  
0 4
0.27
0 8  
0 8  
0 6  
0.28 
0 8  
or
0.31
0.31
0.30
0.30
0.32
0.33
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93cp-13 93cp-14 93cp-15 1
Depth qc (avg) Su (avg) qc (avg)|Su (avg) qc (avg) Su (avg)
(feet) (tsf) (tsf) (tsf) (tsf)
99 10.983 0.34
100 S m B h B h 11.2 0.35
|94cp-13 94cp-14 94cp-15 Average
Depth qc (avg) Su (avg) qc (avg) Su (avg) qc (avg) Su (avg) Su
(feet) (tsf) (tsf) (tsf)
26 t e a H h h b 0.3927 0.30
28 0.27
29 B W w lB | B | n | | 0.24
30 B 9 H | 0.23
31 4.65 r t e W i 0.17
32 4.55 0.12| 10.333 0.50 0.43
33 4.333 0.10 10.05 0.48 17.4 0.97 0.40
34 4.45 0.10 8.7 0.38 16.167 0.88 0.35
35 4.25 0.09 5.667 0.18 6.483 0.24 0.17
36 4.617 0.11 5.667 0.18 6.45 0.23 0.19
37 4.483 0.09 5.5 0.16 6.367 0.22 0.18
38 4.65 0.10 5.417 0.15 6.317 0.22 0.18
39 4.329 0.08 5.386 0.15 5.983 0.19 0.16
40 4.317 0.07 5.217 0.13 6.086 0.19 0.15
41 4.2 0.06 5.2 0.13 6.117 0.19 0.16
42 4.2 0.06 5.317 0.13 6.25 0.20 0.16
43 4.183 0.06 5.133 0.12 6.233 0.19 0.15
44 4.083 0.05 5.45 0.14 5.983 0.17 0.14
45 4.333 0.06 5.067 O il 6.117 0.18 0.14
46 4.367 0.06 5.333 0.12 5.867 0.16 0.14
47 4.217 0.05 5.45 0.13 5.9 0.16 0.13
48 4.133 0.04 5.933 0.16 5.733 0.14 0.13
49 4.5 0.06 5.717 0.14 5.683 0.14 0.13
50 4.714 0.07 5.471 0.12 5.9 0.15 0.14
51 4.667 0.06 5.85 0.14 5.814 0.14 0.13
52 4.833 0.07 5.983 0.15 6.083 0.16 0.14
53 4.933 0.07 5.983 0.14 6.1 0.15 0.13
54 5.117 0.08 5.833 0.13 6.067 0.15 0.13
55 5.083 0.08 6.05 0.14 6.283 0.16 0.13
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Depth
(feet)
56
“ ^ 7
" 3 8
59
60 
“ 61 
“ 62 
“ 63 
“ 64 
“ 65 
“ 66 
“ 67 
“ 68 
“ 69 
“ 70 
“ 7Î 
“ 72 
“ 73 
“ 74 
“ 7 5  
“ 76 
“ 77 
“ 78 
“ 79 
“ 80 
“ 8l 
“ 82
94cp-13 
qc (avg)
(tsf)
5.3
5.383
5.5
5.483
5.557
5.517
5.967
6.217
6.367
6.633
6.583
6.65
6 7 ' 
6.933 
74 ' 
75 ' 
7.45 '
7.233 ■
7.667 ■
7.883 ■ 
7.617'
7.783 ■
8.1 ■ 
9 .15 '
9.583 ■
9.571 ■
10.067'
Su (avg) 
(tsf) 
0.09 
ÔÔ9 
0.10 
0.09 
ÔÜ9 
ÔÔ9
Ô1T
0.13
Ô7Î3
0.15
Ô Ï4
0 7 4  
076 
076 
078
0.19
0.18
076 
079 
O Ü  
078
079 
Ô 3Ï
0.27
0.30
0 7 9  
0 2
94cp-14 
qc (avg) 
(tsf)
Su (avg) 
(tsf)
6.15
6.217
6.033
6.1
6.429
6.583
6.683
7.033
7T
7.217
7.383
7.05
T e
7.533
7.557
7.867
7.567
7.583
8.283
8.683
8.783
8.717
9.35
9.783
9.65
9.729
10.1
077
"075
"071
0.13
0.15
" 0 7
" 06
0.18
0 8  
" 0 9
O Ô
" 0 7
"Ô7Ü
O Ü  
"0 9
"Ô7Ï
0.19
"0 9  
"0 3
0 5
0 7
"0 5
0.29
" O Ï
O Ô
"OÔ
0 3
11.617
1.9 7
12.917
16.667
21.067
94cp-15 
qc (avg) 
(tsf)
6.15
6.333
6AVf
6.433
6.367
6.286
6.9
7.567
0 3 3
7.417
O Î 7
7.517
7.867 
8
0 5  
0 5 7
8.117
7.867 
O Î 7
8.2
O Î7  
0 5
8.85
O
9.683
9.667
9.486
9.717
10.2
10.483
11.067
11.3
11.35
11.167
11.6
11.75
12.343
Su (avg) 
(tsf)
0.15
0.16
06
0.16
0.15
0 4  
0 8
0.22
0 9
O Ü
or
0.20
0 2  
0 3  
0 2
0.22
0.23
or
0 3  
0 2
0 4  
0 3  
06 
0.29 
0.31
O Ô  
0 9
0.30
0.33
0.34
0 8
0.39
0.39
Average 
Su 
(tsf)
0.13
0.13
0 4
0 4
0 3
0.15
0.16
0 8
0.18
0.18
0.18
0.18
0 9
O Ü
or 
or
0.21 
0.20 
0.22
0.23
0.23
0.23
0.25
0.28
0.28
0.29
0.30
0.33
0.43
0.81
0 3
0.37
0.38
0.38 0.43
0.40 0.67
0.41 0.34
0.45 0.38
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94cp-13 94cp-14 94cp*15 Average
Depth qc (avg) Su (avg) qc (avg) Su (avg) Su
(feet) (tsi) (tsf) (tsO (tsf) (tsf)
93 12.4 0.45 0.38
94 S P IW lf lH li l i 12.667 0.46 0.39
95 13.067 0.48 0.39
96 m B M 12.683 0.46 0.38
97 I g H H 13.733 0.52 0.42
98 14.917 0.6Ô 0.47
99 13.25 0.48 0.41
100 13.1 0.47 0.41
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Table A5 Cone Resistance, CPT East Dike
47
93PC-16 94CP-16 94CP-17 94CP-18 1
Depth qc (avg) Su (avg) qc(avg) Su (avg) qc (avg) Su (avg) qc(avg)
(feet) (tsf) (tsf) (tsO (tsf) (tsf) (tsI) (tsf)
32 7.55 0.29 H H g Ib h i t t i B
33 9.486 0.42 B H |B ■ ■ 6.533 0.23 B H iil
34 8.183 0.33 6.383 0.21
35 9.717 0.42 9^67 0.42 6.171 0.20
36 7.8 0.29 7.714 0.30 5.867 0.17 HSH9IB
37 7.15 0.25 6.05 0.18 6.133 0.19 13.033 0.64
38 7 0.23 5.917 0.17 6.05 0.18 7.617 0.28
39 6.85 0.22 5.767 0.16 5.717 0.15 7.283 0.25
40 6.517 0.20 5.433 0.13 5.583 0.14 6.95 0.23
41 6.983 0.22 5.683 0.15 5.417 0.13 6.6 0.20
42 7.05 0.22 5.917 0.16 5.433 0.12 6.617 0.20
43 7.057 0.22 5.983 0.16 5.683 0.14 6.783 0.21
44 6.717 0.20 5.883 0.15 5.133 0.10 6.783 0.20
45 6.683 0.19 6.15 0.16 5.117 0.09 6.4 0.17
46 6.317 0.16 6.117 0.16 5.443 0.11 6.071 0.15
47 6.333 0.16 5.757 0.13 5.433 0.11 6.433 0.17
48 6.8 0.19 5.783 0.13 5.45 0.11 5.933 0.13
49 6.617 0.17 5.617 0.12 5.317 0.09 6.117 0.14
50 6.783 0.18 5.517 O il 5.35 0.09 6.783 0.18
51 6.15 0.14 5.733 0.12 5.8 0.12 6.383 0.15
52 6.133 0.13 5.817 0.12 5.7 0.11 6.6 0.17
53 6.4 0.15 5.9 0.12 5.433 0.09 6.6 0.16
54 6.429 0.15 5.717 0.11 5.25 0.07 6.483 0.15
55 6.667 0.16 5.833 0.11 5.367 0.08 6.083 0.12
56 6.967 0.17 5.883 0.11 5.443 0.08 6.457 0.14
57 6.767 0.16 5.829 0.10 5.467 0.08 6.65 0.15
58 6.6 0.14 5.833 0.10 5.35 0.07 6.567 0.14
59 6.767 0.15 5.967 O.ll 5.65 0.08 6.75 0.15
60 6.767 0.15 5.8 0.09 5.117 0.05 6.35 0.12
61 6.767 0.15 6.217 0.12 5.65 0.08 6.55 0.13
62 6.833 0.15 6.067 0.10 5.783 0.08 6.767 0.14
63 6.967 0.15 6.2 0.11 5.917 0.09 6.75 0.14
64 6.929 0.15 6.033 0.10 6.033 0.09 6.8 0.14
65 7.05 0.15 6.467 0.12 6 0.09 6.833 0.14
66 7.183 0.16 6.183 0.10 6.129 0.09 7.129 0.16
67 7.25 0.16 6.386 0.11 6.2 0.10 7.2 0.16
68 7.433 0.17 6.4 0.11 6.333 0.10 6.867 0.13
69 7.517 0.17 6.517 0.11 6.25 0.09 6.967 0.14
70 7.583 0.17 6.533 O il 6.367 0.10 7.317 0.16
71 7.75 0.18 6.717 0.12 6.35 0.09 7.517 0.17
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Depth
(feet)
72
73
74
75
76
77
78
79
80 
“ 81
82
83
84
85
93PC-16 
qc (avg) 
(tsO
7.917
8.033
8.083
8.229
8.367
8.7
8.7 
8.133 
8.433
8.95 
9.583 ■ 
9.667 ■ 
9 8 
10.029
Su (avg) 
(tsf)
0.19 
0.19 
0.19 
0.20 
0.20 
0.22 
0.22 
0.18' 
0.20 
0.23 
0.27 ■ 
0.27' 
0.28 
0.29
94CP-16 
qc(avg) 
(tsf)
7.083
7.2
7.267
7.367
7.45
7.467
7.7
7.9
8.05
8.1
8.283
8.433
8.533
8.633
8.617
9.383
9.483
10.717
10.767
11.133
1.414
11.783
Su (avg) 
(tsf) 
0.14 
0.15 
0.15 
0.15 
0.15 
0.15 
0.16 
0.17 
0.18 
0.18 
0.19 
0.20 
0.20 
0.20
94CP-17 
qc (avg) 
(tsf)
6.717
6.817
7.133
7.317
7.4
7.467
7.55
7.767
7.85
8.05
7.267
7.65
8.067
8.667
9.014
9.067
9.283
9.417
9.583
9.917
10.417
10.683
10.883
11.117
Su (avg) 
(tsf)
0.11
0.12
0.13
0.13
0.14
0.14
0.15
0.15
0.16
0.16
0.17
0.12
0.14
0.16
0.20
0.22
0.22
0.23
0.24
0.25
0.26
0.29
0.31
0.32
0.33
94CP-18 
qc (avg) 
(tsf)
7.467
7.65
7.817
7.9
7.833
8.071
8.217 
8.383
8.85
8.983
9.217
9.483
9.483 
9.683
9.95
10.414
10.4
10.583 
10.9
1 1
11.45
11.517 
11.7
11.95
14.133
Su (avg) 
(tsf)
0.16
0.17
0.18
0.18
0.17
0.18
0.19
0.20
0.23
0.23
0.24
0.26
0.26
0.27
0.28
0.3
0.30
0.31
"03
0.34
0.36
0.36
“0 7
0.39
0.53
94CP-20 95CI-1 95CI-2
Depth qc (avg) Su (avg) qc (avg) Su (avg) qc (avg) Su (avg)
(feet) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf)
6.233
6.243
6.5836.133
6.167
6.8335.917
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94CP-20 95CI-1 95CI-2
Depth qc (avg) Su (avg) qc(avg) Su (avg) qc (avg) Su (avg)
(feet) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf)
40 5.867 0.15 5.75 0.15 6.517 0.16
41 5.767 0.14 5.983 0.16 6.783 0.18
42 5.45 0.12 5.8 0.14 6.533 0.16
43 5.867 0.14 5.617 0.13 6.333 0.14
44 5.933 0.14 5.343 0.11 6.65 0.16
45 5.917 0.14 5.667 0.12 6.75 0.16
46 5.886 0.13 5.7 0.12 6.917 0.17
47 6-033 0.14 5.233 0.09 6.871 0.17
48 5.817 0.12 5.45 0.10 6.783 0.16
49 5.533 0.10 5.617 0.11 6.95 0.16
50 5.867 0.12 5.367 0.09 6.7 0.14
51 5.733 0.11 5.733 0.11 7.367 0.19
52 5.667 0.10 6.433 0.15 7 0.16
53 5.617 0.09 6.417 0.15 6.683 0.13
54 6.017 0.12 6.333 0.14 7.017 0.15
55 5.65 0.09 6.514 0.15 7.067 0.15
56 5.586 0.08 6.517 0.15 7.333 0.17
57 5.883 0.10 6.417 0.14 7.571 0.18
58 6.117 0.11 6.517 0.14 7.667 0.18
59 5.883 0.09 6.833 0.16 7.783 0.19
60 5.983 0.10 6.8 0.15 8.15 0.21
61 6.033 0.10 6.9 0.16 8.15 0.21
62 6.05 0.09 6.917 0.15 8.167 0.20
63 6.183 0.10 6.95 0.15 8.167 0.20
64 6.267 0.10 6.95 0.15 8.233 0.20
65 6.3 0.10 7.071 0.15 8.25 0.20
66 7.629 0.19 9.183 0.29 8.5 0.21
67 6.45 0.11 8.683 0.26 8.667 0.22
68 6.417 0.10 7.483 0.17 8.871 0.23
69 6.45 0.10 7.667 0.18 8.933 0.23
70 6.517 0.10 7.8 0.19 8.95 0.23
71 6.55 0.10 8.05 0.20 8.967 0.23
72 6.617 0.10 8.35 0.22 9.05 0.23
73 6.9 0.12 8.35 0.21 9.133 0.23
74 6.6 0.09 8.45 0.22 9.467 0.25
75 6.783 0.10 8.417 0.21 9.267 0.24
76 7 0.11 8.8 0.23 9.4 0.24
77 7.243 0.13 8.717 0.23 9.833 0.27
78 7.683 0.15 8.933 0.24 10.114 0.28
79 7.8 0.16 9.233 0.25 10.217 0.29
80 7.9 0.16 9.533 0.27 10.65 0.31
81 8.033 0.17 9.65 0.28 10.933 0.33
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Depth
(feet)
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
94CP-20 
qc (avg) 
(tsi)
8.3
8.5 
8.417 
8.733 
8.933 
9.129
9.3
9.5 
10.183
Su (avg)
(tsi)
0.18
0.19
0.18
0.20
0.21
0.22
0.23
0.24
0.28
9SC1-1 
qc(avg) 
(tsf)
9.8 
10.033 
10.067 
10.133 
10.643 
10.917 
14.6 
15.8 
13.483 ■
Su (avg) 
(tsf)
0.28
0.29
0.29
0.29
0.33
0.34
0.58
0.66
0.50
95CI-2 
qc(avg) 
(tsf)
11
11.217
11.65
11.783
12.133
12.917
12.9
13.186
13.55'
Su (avg) 
(tsf)
0.33
0.34
0.37
0.37
0.39
0.44
0.44
0.45
0.47
■III n i l  II11
100
95CI-3
Su (avg)qc (avg) Su (avg) qc(avg) Su (avg)
8.55 0.34 6.217 0.15 0.26
38 10.917 0.49 9.033 0.34 0.26
39 10.517 0.46 10.9 0.46 0.25
40 7.433 0.25 6.067 0.13 0.17
41 5.45 0.12 5.833 0.11 0.16
42 5.8 0.14 5.483 0.09 0.15
43 5.333 0.11 5.65 0.09 0.15
44 9.571 0.38 5.45 0.08 0.17
45 6.867 0.20 5.467 0.08 0.15
46 5.9 0.13 5.517 0.08 0.14
47 6.933 0.20 5.686 0.08 0.14
48 5.767 0.12 5.983 0.10 0.13
49 5.75 0.11 5.883 0.09 0.12
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
51
95CI-3 95CI-4 Average
Depth qc (avg) Su (avg) qc (avg) Su (avg) Su (avg)
(feet) (tsf) (tsf) (tsf) (tsf) (tsf)
50 5.6 0.10 5.833 0.08 0.12
51 5.333 0.08 6.033 0.09 0.12
52 5.433 0.08 6 0.09 0.12
53 5.467 0.08 6.283 0.11 0.12
54 5.5 0.08 5.85 0.07 0.12
55 5.786 0.10 5.85 0.07 0.11
56 5.517 0.08 6.1 0.08 0.12
57 5.433 0.07 6.114 0.08 0.12
58 1 5.5 0.07 6.233 0.09 0.12
59 5.717 0.08 6.433 0.10 0.12
60 5.717 0.08 6.417 0.09 0.12
61 5.617 0.07 6.283 0.08 0.12
62 6.067 0.09 6.783 0.11 0.13
63 5.9 0.08 6.783 0.11 0.13
64 6.267 0.10 6.8 0.10 0.13
65 5.986 0.08 6.55 0.08 0.12
66 6.133 0.09 6.783 0.10 0.15
67 6.533 0.11 7.217 0.12 0.15
68 6.133 0,08 7.043 0.11 0.13
69 6.433 0.10 7.217 0.12 0.14
70 6.283 0.08 7.35 0.12 0.14
71 6.3 0.08 7.467 0.13 0.14
72 6.35 0.08 7.683 0.14 0.15
73 6.567 0.09 7.933 0.15 0.16
74 6.65 0.10 7.917 0.15 0.16
75 6.667 0.09 7.95 0.15 0.16
76 6.743 0.09 8.05 0.15 0.17
77 6.8 0.10 8.117 0.15 0.17
78 6.933 0.10 8.2 0.15 0.18
79 7.017 O.IO 8.383 0.16 0.18
80 7.383 0.12 8.433 0.16 0.20
81 7.35 0.12 8.517 0.17 0.21
82 7.633 0.14 8.767 0.18 0.22
83 12.917 0.48 8.85 0.18 0.26
84 9.65 0.26 8.833 0.18 0.24
85 9.683 0.26 8.883 0.18 0.25
86 9.514 0.25 8.967 0.18 0.25
87 9.633 0.25 9.483 0.21 0.27
88 10.15 0.28 9.617 0.22 0.31
89 10.717 0.32 9.629 0.21 0.33
90 10.85 0.32 9.967 0.23 0.33
91 10.967 0.33 10.217 0.25 0.27
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Depth
(feet)
92
93
94
95
9SCI-3 
qc(avg) 
(tsf)
11.267
11.683
11.917
12.3
So (avg)
I tS T
0.35 
0.37 
0.38 
0.41
95CI-4 
qc(avg) 
(tsf)
10.433
10.65
10.833
11.017
Su (avg) 
(tsi)
0.26 
0.27 
0.28 
0.29
Average 
Su (avg) 
(tsi)
0.29
0.30
0.31
0.33
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Table A6 Cone Resistance, CPT West Dike
53
93cp-12 94c p-11 94cp-12 Average
Depth qc (avg) Su (avg) qc (avg) Su (avg) qc (avg) Su (avg) Su (avg)
(feet) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf)
21 5.35 0.17 8.60 0.43 0.30
22 5.33 0.17 7.62 0.36 0.27
23 n n m n i i 5.05 0.15 6.95 0.32 0.23
24 5.35 0.17 6.75 0.30 0.23
25 5.62 0.18 6.58 0.28 0.23
26 7.03 0.30 5.50 0.17 6.40 0.27 0.25
27 6.95 0.29 5.33 0.15 6.27 0.26 0.23
28 6.81 0.28 5.70 0.18 5.80 0.22 0.23
29 6.57 0.26 5.37 0.15 6.00 0.23 0.21
30 8.87 0.41 5.47 0.15 6.17 0.24 0.27
31 6.40 0.24 5.77 0.17 5.75 0.21 0.21
32 6.13 0.22 5.67 0.16 6.15 0.23 0.21
33 6.03 0.21 5.82 0.17 6.12 0.23 0.20
34 6.10 0.21 5.72 0.16 5.67 0.19 0.19
35 5.92 0.20 5.55 0.14 5.60 0.19 0.18
36 5.93 0.20 5.12 0.11 6.25 0.23 0.18
37 5.83 0.19 5.58 0.14 5.78 0.19 0.17
38 5.84 0.18 5.80 0.15 5.88 0.20 0.18
39 5.68 0.17 5.59 0.13 5.99 0.20 0.17
40 5.42 0.15 5.88 0.15 5.88 0.19 0.16
41 5.48 0.15 6.05 0.16 6.10 0.20 0.17
42 5.62 0.16 6.27 0.17 6.07 0.20 0.17
43 5.70 0.16 6.28 0.17 5.87 0.18 0.17
44 5.50 0.14 6.18 0.16 6.03 0.19 0.16
45 5.63 0.15 6.32 0.16 6.28 0.20 0.17
46 5.97 0.17 6.33 0.16 6.08 0.18 0.17
47 5.77 0.15 6.22 0.15 6.45 0.21 0.17
48 5.89 0.16 6.40 0.16 6.23 0.19 0.17
49 5.82 0.15 6.30 0.15 6.66 0.21 0.17
50 6.03 0.16 6.53 0.16 6.57 0.20 0.17
51 6.00 0.15 6.80 0.18 6.60 0.20 0.18
52 6.15 0.16 6.73 0.17 6.58 0.20 0.18
53 5.98 0.15 6.97 0.18 6.65 0.20 0.18
54 6.20 0.16 7.02 0.18 6.78 0.21 0.18
55 6.18 0.15 7.08 0.18 6.72 0.20 0.18
56 6.13 0.15 7.18 0.19 6.68 0.19 0.18
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93cp-12 94c p-ii 94cp-12 Average
Depth qc (avg) Su (avg) qc (avg) Su (avg) qc (avg) Su (avg) Su (avg)
(feet) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf)
57 6.18 0.15 7.15 0.18 6.98 0.21 0.18
58 6.12 0.14 7.37 0.19 7.32 0.23 0.19
59 6.27 0.15 7.43 0.19 7.37 0.23 0.19
60 6.43 0.15 7.51 0.20 7.17 0.21 0.19
61 6.32 0.14 7.65 0.20 7.52 0.23 0.19
62 6.28 0.14 7.72 0.20 7.35 0.22 0.19
63 6.47 0.15 7.82 0.21 7.25 0.21 0.19
64 6.47 0.14 8.03 0.22 7.47 0.22 0.19
65 6.72 0.16 8.13 0.22 7.67 0.23 0.20
66 6.85 0.16 8.03 0.21 7.62 0.22 0.20
67 6.95 0.17 8.45 0.24 7.68 0.22 0.21
68 7.12 0.17 8.60 0.24 7.95 0.24 0.22
69 7.31 0.18 8.63 0.24 7.92 0.23 0.22
70 7.35 0.18 8.82 0.25 8.17 0.25 0.23
71 7.35 0.18 8.93 0.26 8.28 0.25 0.23
72 7.13 0.16 8.98 0.26 8.38 0.26 0.22
73 7.58 0.19 8.97 0.25 8.95 0.29 0.24
74 7.47 0.18 9.10 0.26 9.33 0.31 0.25
75 7.43 0.17 9.15 0.26 9.07 0.29 0.24
76 7.52 0.18 9.25 0.26 8.95 0.28 0.24
77 7.37 0.16 9.47 0.27 9.02 0.28 0.24
78 7.88 0.19 9.73 0.29 9.42 0.31 0.26
79 7.72 0.18 9.73 0.28 9.33 0.30 0.25
80 7.77 0.18 9.77 0.28 9.52 0.31 0.26
81 8.18 0.20 9.73 0.32 0.26
82 8.30 0.21 9.93 0.33 0.27
83 8.47 0.22 10.20 0.34 0.28
84 8.72 0.23 10.35 0.35 0.29
85 8.77 0.23 10.60 0.36 0.30
86 8.83 0.23 10.87 0.38 0.30
87 8.83 0.23 10.82 0.37 0.30
88 8.88 0.23 H H I 11.22 0.39 0.31
89 9.08 0.24 12.07 0.45 0.34
90 9.29 0.25 12.37 0.46 0.36
91 9.57 0.26 ■ W H H g m 0.26
92 9.58 0.26 H H H jB 0.26
93 9.77 0.27 B liH B H H H I 0.27
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93cp-l2 94cp-ll 94cp*12 Average
Su (avg) qc (avg) Su (avg) qc (avg) Su (avg) Su (avg)qc (avg)
10.17
10.67
11.28
11.58
11.87
12.20
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West Beim (VA Geotechnical Services Report, Jan 1999)
Propeiy Values
Sample Depth, ft 59 79 94 49.5 64 84 64 89
wn, % (moisture content) 67.6 77.7 77.2 65.4 84.6 82.1 71.3 53.7
LL (liquid limit) 73 86 76 78 83 77 78 78
PL (plastic limit) 27 32 34 29 33 34 28 31
Ip (plasticity index) 46 54 42 49 50 43 50 47
yc (sat unit weight), pcf 102 90 96.2 97.5 97 100.1 97.7
Soil Classification CH, fat clay CH, fat clay CH, fat clay CH, fat clay CH, fat clay CH, fat clay CH, fat clay CH, fat clay
Results of Consolidation Test
C’c (compression ratio) 0.33 0.41 0.25 0.31 0.42 0.24 0.32 0.27
C'r (recompression ratio) 0.04 0.06 0.04 0.04 0.04 0.03 0.07 0.03
♦Observing tfic conyression and rcconyrcssion ratios, flie clay exhibits signs of being a sensitive clay
Results of Unconfined Compression Tests ( cannot use Su data unless location on dike is known)
Su,psf 485 401 314 243 543 260 415
Su,tsf 0.24 0.20 0.16 0.12 0.27 0.13 0.21
depdi below CEMLW 37 57 72 38.5 53 73 64
Marine Clay Layer Conunon to Area (Fonder, 1987)
Property Range Typ. Value
LL (liquid limit) 40 to 105 60 to 90
PL (plastic limit) 25 to 40 30 to 35
^  (plasticity index) 15 to 65 30 to 60
yc (sat. unit w ei^t), pcf 90 to 105 none given
2n
>
[AO
Î
8
u,o\
Table A8 1993 CPT Pore Pressure, Ui, North Dike
57
930C-13 93pc>i4 93pc-15
U1 avg
5.086
5.707
5.742
5.847
5.847 10.893
6.369
6.438 11.136
6.577 11.832
6.682 11.763 8.004
37 7.065 11.972 8.283 9.11
38 7.144 11.902 8.457 9.17
39 7.03 12.18 8.422 9.21
40 7.134 12.041 8.578 9.25
41 7.517 12.076 8.857 9.48
42 7.273 12.215 8.544 9.34
43 7.099 12.25 8.718 9.36
44 7.239 12.389 8.561 9.40
45 7.656 12.25 8.752 9.55
46 7.552 12.076 8.805 9.48
47 7.621 12.32 8.77 9.57
48 7.771 12.051 8.83 9.55
49 7.726 12.459 9.031 9.74
50 7.761 12.528 9.187 9.83
51 7.621 12.215 8.822 9.55
52 7.621 12.076 8.979 9.56
53 7.517 12.215 8.892 9.54
54 7.865 12.146 9.379 9.80
55 7.83 12.354 9.222 9.80
56 7.83 12.354 9.135 9.77
57 7.795 12.389 8.857 9.68
58 8.074 12.076 9.327 9.83
59 7.8 12.111 8.815 9.58
60 7.726 12.459 8.909 9.70
61 7.83 12.18 8.77 9.59
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93pc-13 93pc-14 93pc-15
Depth U1 Ü1 Ü1 U1 avg
(ft) (tsi) (tsf) (tsf) (tsf)
62 8.039 12.354 9.1 9.83
63 7.795 12.041 8.857 9.56
64 7.726 12.32 8.979 9.68
65 7.9 12.285 9.153 9.78
66 7.795 12.424 8.752 9.66
67 7.656 12.041 9.083 9.59
68 8.074 12.285 9.013 9.79
69 7.979 12.081 8.695 9.59
70 7.795 12.146 8.665 9.54
71 8.109 12.25 8.839 9.73
72 7.935 12.285 8.857 9.69
73 7.517 12.041 8.926 9.49
74 7.552 12.25 8.7 9.50
75 7.935 12.424 8.892 9.75
76 7.587 12.25 8.874 9.57
77 7.935 12.32 8.787 9.68
78 7.691 12.25 8.874 9.61
79 7.761 12.25 8.561 9.52
80 7.621 12.051 8.994 9.56
81 7.517 12.006 8.77 9.43
82 7.587 12.18 8.892 9.55
83 7.9 12.18 8.7 9.59
84 7.691 12.076 8.509 9.43
85 7.761 11.171 8.683 9.21
86 7.761 8.839 8.30
87 7.726 8.77 8.25
88 7.761 8.561 8.16
89 7.865 n H f f i l 8.961 8.41
90 7.442 ^ B H B 8.68 8.06
91 k g B B i 8.77 8.77
92 M M | 8.578 8.58
93 g B B B 8.561 8.56
94 8.631 8.63
95 H | H | 8.805 8.81
96 8.387 8.39
97 B B g j 8.683 8.68
98 b b H 8.631 8.63
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93pc-13 93pc>14 93pc-15
U1 avg
8.613
8.422
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Table A9 1993 CPT Pore Pressure, U |,  East Dike
93pc-16 93pe-16
Depth U1 Depth U1
(ft) (tsf) (ft) (tsf)
32 3.90 59 6.06
33 4.07 60 5.88
34 3.90 61 6.06
35 5.06 62 5.92
36 5.33 63 5.99
37 5.60 64 5.86
38 5.29 65 5.67
39 5.81 66 6.06
40 5.57 67 5.81
41 5.46 68 6.09
42 5.53 69 5.78
43 5.65 70 6.13
44 5.57 71 6.16
45 5.81 72 6.02
46 5.81 73 5.92
47 5.85 74 5.95
48 6.02 75 5.95
49 5.85 76 5.74
50 6.13 77 5.88
51 5.64 78 5.95
52 5.95 79 6.09
53 5.99 80 5.78
54 5.80 81 6.16
55 5.99 82 5.74
56 6.06 83 5.92
57 6.06 84 5.95
58 5.92 85 5.83
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Table AlO 1993 CPT Pore Pressure, U |,  West Dike
93pc-12 93pc-12
Depth U1 Depth U1
(ft) (tsf) (ft) (tsf)
26 2.31 59 5.38
27 2.44 60 5.33
28 2.98 61 5.46
29 3.32 62 5.43
30 3.53 63 5.74
31 3.71 64 5.39
32 4.56 65 5.74
33 4.28 66 5.26
34 4.39 67 5.29
35 4.46 68 5.57
36 4.77 69 5.62
37 4.73 70 5.53
38 5.15 71 5.33
39 5.05 72 5.19
40 5.15 73 5.39
41 5.05 74 5.64
42 4.98 75 5.22
43 5.36 76 5.46
44 5.15 77 5.39
45 5.36 78 5.36
46 5.33 79 5.29
47 5.29 80 5.27
48 5.44 81 5.29
49 5.19 82 5.33
50 5.60 83 5.15
51 5.53 84 5.26
52 5.57 85 5.08
53 5.39 86 5.26
54 5.43 87 5.33
55 5.19 88 5.08
56 5.39 89 5.29
57 5.12 90 5.35
58 5.53 91 5.39
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Table AI I Field Piezometer Measurements, North Dike
Piezometer Readings from North Dike
11 -May-95
26-Apr-94
23-Sep-93
8-Sep-92
Average
W ater table at CEMLW = O'
W ater level = Piez water height above CEMLW 
Tip elevation = Feet below CEMLW
I IP Eiev water Elev ---- De Ue Uo u t
(tt) " ( t t ) (pst) (tst) (tsf) (tst)
jy.y '11.\ 1691.0 0 . 8 5 1.24 2.09
6O.0 37.0 Z508.8 ■ 1.15 1.87 ""3.0T
80.5 27.9 i74i.o "0.87 2.51 3.38
T IP Eiev Water Eiev — D T - — D ë - - D Ô - Ut
(tt) (A) (psf) (tst) (tst) (tst)
25.0 1560.0 U./8 1.24 2.02
60.Ô 37.5 2340.0 1.17 1.87 3.04
8o.5 29.3 1%28.3 0.91 2.51 3.43
8o.6 19.8 1235.5 0.62 2.51 5.13
TfP 'E lev ' Water Elev — D T“ Ue “ Do“ Ut
Ctt) ■ (A) (pst) (tst) (tst) (tst)
39.Ü 124.1 1502.8 U.75 1.24 1.99
60.0 37.5 z34o.o 1.17 1.87 3.04
80.5 31.6 1971.8 0.99 2.51 1 5 0
80.6 20.0 1248.0 0.62 2 31" ■3.14
1 IP blev Water Elev — De' Ue Uo Ut
(A) (It) (pst) (tst) (tst) (tst)
39.8 24.1 1503.8 0.75 1.24 1.99
60.0 38.3 2389.9 1.19 1.87 3.07
80.5 42.1 2627.0 1.31 2.51 3 . 8 3
80.6 22.8 1422.7 0.71 2.51 3.25
HP Elev Water Elev — D T " Ue Uo ut
■  (Ü) (A) (psf) (tst) (tst) (tst)
39.8 25.1 1564.7 0.8 1.24 2.02
60.0 37.6 2344.7 1.2 1.87 5.04
80.5 32.7 2042.0 1.0 2.51 3.55
80.6 20D 1302.1 0.7 2.51 1.17
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Table A12 Field Piezometer Measurements, East Dike 
Piezometer Readings from East Dike
11 -May-95
26-Apr-94
23-Sep-93
8-Sep-92
Average
Water table at CEMLW = O'
Water level = Piez water height above CEMLW 
Tip elevation = Feet below CEMLW
IIP Elev Water Èlev be Ue " T 5 “ — D t" "
■(A) ■ (A) (pst) (tst) (tst) (tst)
47.3 26.0 T622.4 0.81 1.48 239"
62.2 33.0 2059.2 1.03 1.94 2.97
■ 75.1 34.9 2177.8 1.09 2.34 333"
78.2 30.0 T872.0 0.94 "2.44 3.38
1 IP Elev Water Elev "Oe" ue Uo — Ut'  '
"(A) (A) (pst) (tst) (tst) (tst)
47.3 25.8 1609.9 0.8(3 1.48 2.2»
62.2 33.1 2065.4 ■ m ~1'.94 237“
75.1 35.8 2233.9 ” ■ 1.T2 2.34 3.46
78.2 27.2 T697.3 0.85 2.44 3.29
1 IP Elev Water Elev Ue Ue Uo u t
(A) ■■ -(Rl (pst) (tst) (tst) (tst)
47.3 25.8 T3U9.9 0.8(3 1.48 2.28
62.2 32.4 2021.8 ■ l.OT "194 2.95
75.1 35.3 2202.7 IID 2:34 3.44
78.2 21.0 131Ü.4 0.66 2.44 3.10“
1 IP Elev Water Elev Te" Ue uo Ut
(A) (A) (pst) (tst) (tst) (tst)
47.3 25.0 1560.0 0.7W 1.48 2.26
62.2 31.5 1965.6 0.98 "1.94 2.92
75.1 35.3 2202.7 1.1Ü 2.34 3.44
78.2 20.3 1279.2 0.64 2.44 3 .08 ■
I IP Elev Water Elev Ue Ue Uo Ut
(tt) IR T (pst) (tst) (tst) (tst)
47.3 "25.7 1600.6 0.8 1.48 2.28
62.2 32.5 2028.0 1.0 ” 1.94 2.95
75.1 35.3 2204.3 1.1 2.34 3.45
78.2 24.7 1539.7 0.8 ^ .4 4 3.21
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Table A l3 Field Piezometer Measurements, West Dike 
Piezometer Readings from West Dike
1 -May-95
26-Apr-94
23-Sep-93
8-Sep-92
Average
Water table at CEMLW = O'
Water level = Piez water height above CEMLW 
Tip elevation = Feet below CEMLW
1 IP blev Water blev Ue Ue "D o “ Ut
■■■ (tt) (pst) (tst) (tst) (tst)
3 6 . 4 14.5 904.8 0.45 0.95 i.4o
52.9 31.3 1953.1 0.98 1.65 2.63
59.0 47.7 2976.5 1.49 1.84 3.33
70.3 49.0 3057.6 1.53 '2 .19” 3.72
50.2 " '3132:5 1.57 2.32 3 . 8 8
1 IP blev Water blev Ue Ue ' Uo T t - "
(tt) w  ■ (pst) (tst) (tst) (tst)
■ ■ 30.4 ■ 73.8 8 6 1 . 1 0.45 U.9T 1.38
52.9 42.8 ■ 2670.7 1.34 1.65 2.99
59.0 48.0 2995.2 1.50 1.84 3.34
70.3 48.7 3038.9 ■" 1.52 2.19 3.71
74.2 58.1 3 6 2 5 . 4 181 2.32 4:13
1 Ip blev Water blev Ue Ue Uo .....U t "
(tt) ■ (tt) (psf) (tst) (tst) (tst)
30.4 13.4 836.2 0.42 0.95” 1.37
52.9 35.7 2227.7 IT T 1.65 2.76
59.0 48.2 3 O0 7 . 7 1.50 1.84“ 3.34
70.3 50.6 ■ 3177.4 1.58 “2:19“ 3.77
74.2 57.6 3594.2 1.80 2.32 4.11
TTP'ETev Water blev Ue Ue uo TJf
— (tt) ■ (tt) (psf) (tst) (tst) (tst)
30.4 14.3 8913 0.45 0 .9 T ""1.39"
52.9 5l.O 3 1 8 2 . 4 T.59 1.65 3.24
59.0 48.9 3051.4 'T.53 1.84” 3.37
70.3 35.1 2 1 90.2 T.ro 2.19” 3.29
74.2 55.2 3444.5 1.72 2.32” 4.04
1 IP blev Water blev Ue Ue UO — o r
(tt) Ttt) (pst) (tst) (tst) (tst)
30.4 "  14.0 873.6 0.4 0.95 1.39
52.9 40.2 "2508'.5" 1.3 1.65 2.90
59.0 48.2 3007.7 1.5 1.84 "7.34'
70.3 45.9 2861.0 1.4 2 .l9” 3.62
74.2 55.3 3449.2 ^ 7 7 - '2 3 T 4.04
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
65
Table A I4  1993 CPT Suu, Corrected for Pore Pressure, North Dike
D epth qc (avg) «2 OS Suu (avg)
(feet) (tsf) (tsf) (tsf) (tsf)
30 6.15 4.54 2.76 0.35
36 5.99 5.43 3.08 0.33
43 5.79 5.91 3.41 0.30
49 5.72 6.51 3.70 0.28
55 5.96 6.68 3.98 0.28
62 6.77 6.90 4.32 0.32
68 7.18 6.96 4.60 0.33
74 8.09 6.58 4.89 0.37
80 8.74 6.60 5.17 0.40
87 10.28 6.61 5.50 0.49
93 10.25 5.87 5.79 0.46
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Table A15 1993 CPT Suu, Corrected for Pore Pressure, East Dike
D epth qc(avg) U2 OS Su (avg)
(feet) (tsf) (tsf) (tsf) (tsf)
37 7.15 4.49 3.44 0.37
43 7.06 4.75 3.72 0.35
49 6.62 5.09 4.01 0.30
55 6.67 5.34 4.29 0.29
61 6.77 5.48 4.58 0.27
67 7.25 5.36 4.86 0.29
73 8.03 5.47 5.15 0.33
79 8.13 5.60 5.43 0.32
85 10.03 5.36 5.72 0.43
91 11.60 5.29 6.00 0.53
97 13.92 4.85 6.29 0.68
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Table A l6 1993 CPT Suu, Corrected for Pore Pressure, West Dike
D epth qc(avg) U2 OS Su (avg)
(feet) (tsf) (tsf) (tsf) (tsf)
25 14.72 1.29 2.47 0.97
33 6.03 3.58 2.84 0.31
40 5.42 4.40 3.18 0.26
48 5.89 4.76 3.56 0.27
55 6.18 4.66 3.89 0.27
63 6.47 5.15 4.27 0.27
70 7.35 5.04 4.60 0.31
78 7.88 4.93 4.98 0.32
85 8.77 4.70 5.31 0.36
93 9.77 4.44 5.69 0.40
100 12.20 4.62 6.03 0.56
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